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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors report a very interesting operando X-ray tomography study of Li dendrite formation in an 

operating battery. They successfully track the deposition and dissolution dynamics of Li over two 

charge/discharge cycles with different current densities. The data quality and some of the analysis are 

quite impressive. Specifically, the contrast between Li and other materials (for example Cu or the 

electrolyte) is clear. The spatial resolution is sufficient to distinguish small branches of the Li needle. The 

formation of mossy Li is quite clear in the height maps. Although there are previous reports of 

tomography of operando Li batteries (such as, DOI: 10.1021/acsnano.6b03939 or DOI: 

10.1021/acs.jpcc.7b01414), this work is by far the highest quality and demonstrates the potential of the 

x-ray tomography to make valuable contributions to Li battery science. That being said, the battery 

science portion of the manuscript would be significantly strengthened by collecting and analyzing a 

carefully constructed, systematic data set. One or two cycles, at differing current densities, on the same 

sample is not sufficient to understand the detailed, history-dependent processes involved. 

Specific questions for the authors: 

1. Tomograms were taken every 10 minutes. But the manuscript does not indicate how long it takes to 

obtain a tomographic data set. Since the Li dendrite keeps growing during the data collection, it is 

important that the time to obtain a tomogram is short relative to the characteristic time scale of 

dendrite formation. The authors need to demonstrate that they are working in a reasonable time range. 

2. The authors compared the morphology between 1st cycle and 2nd cycle. The authors then attribute 

the difference in morphology and voltage profile to the differing current densities. However, these data 

are insufficient to make this claim, as there are many variables that differ between the 1st and 2nd 

cycles (for example, the residual of SEI or Li dendrites after the 1st cycle, changes in the number of 

nucleation sites, etc.). I recommend that the authors conduct two experiments that run several cycles 

without changing the current density (one at 0.5 mA/cm2, the other at 1.0 mA/cm2) on separate 

samples. 

3. The voltage profile of Figure 2b: the lower overpotential at high current density may not be due to the 

current density. It may also be caused by the formation of some new nucleation sites or a change in the 

SEI layer after the 1st cycle or a decrease in the fresh exposed Cu surface in the 2nd cycle. Again, more 

data could sort this out. 

4. One question about Figure 2d and e: the last picture from the 1st cycle does not look similar to the 1st 

figure of the 2nd cycle. The inactive Li in Figure 2d (after stripping) is not seen in Figure 2e. If the images 

are not from the same spot, that needs to be mentioned. Additionally, I recommend the authors add a 

3d rendering volume of Li dendrite in Figure 2 and mark the vertical slice where Figure 2d and2e were 

taken. 



5. In page 7, the observation of inactive Li: “caused by the encapsulation by the electronically insulating 

SEI…”. The experimental evidence of inactive Li is clear, but the reason for the formation of inactive Li 

(due to SEI or not) is not supported by the data. 

6. The authors propose in Fig. 3C that some Li becomes inactive during plating. Again, this may or may 

not be true - the evidence is not clear. This Li may become inactive quickly when stripping, but not 

during plating. If inactive Li is formed during plating, the evidence should be that Li dendrite stops 

growing at some point of time during the plating. More data is needed. 

7. The part about horizontal slices and the analysis of Li area at different heights is impressive. But it is 

important to add an explanation in the methods section. How to calculate mathematically the Li area, 

what is the standard to determine the isolated region of Li in Figure 5, how the purple region in Figure 6 

is defined mathematically. 

8. Page 5, 10th line of the last paragraph: “It is worth noting that the overpotential for nucleation of Li at 

high current density (1.0 mA cm-1) is lower.” The unit should be 1.0 mA cm-2. Same errors happen in 

the caption of Fig. 2. 

9. The current densities in these studies are small relative to those of practical batteries. I assume these 

current densities were chosen to slow down the growth of the dendrites so that it is possible to obtain 

tomograms. Since we already know that current density affects dendrite formation, eventually we need 

to study batteries under realistic operating conditions. Can x-ray tomography access this range of 

parameter space? 

Reviewer #2 (Remarks to the Author): 

review attached 

Reviewer #3 (Remarks to the Author): 

- What are the noteworthy results? 



Authors visualized microstructure evolution of lithium plating as a function of time and current density, 

distinguishing different types of structures and distinguishing the formation of inactive lithium. 

- Will the work be of significance to the field and related fields? How does it compare to the established 

literature? If the work is not original, please provide relevant references. 

This work is significant and will be of interest to many research groups. I agree that it is challenging to do 

operando experiments with sufficient resolution. However authours need to provide better explanation 

of novelty of their approach. In the introduction authors stated that it is challenging to visualize and 

provided references of past work that used heavier elements, formation of cracks or with respect to a 

separator, claiming there was no direct and continuous tracking of the evolution of Li. What is different 

in the approach presented here that enabled this team to do what others could not? This is not clear, 

especially for readers not familiar with the XTM. Authors should better highlight similarities and 

differences in the approaches and findings between current work and previous reports, and should also 

should include other citations and their discussion, for example work conducted at the Advanced 

Photon Source by Seitzman featuring solid electrolyte. 

Seitzman, N.; Bird, O. F.; Andrykowski, R.; Robbins, S.; Al-Jassim, M. M.; Pylypenko, S., Operando X-ray 

Tomography Imaging of Solid-State Electrolyte Response to Li Evolution under Realistic Operating 

Conditions. ACS Applied Energy Materials 2021, 4 (2), 1346-1355. 

- Does the work support the conclusions and claims, or is additional evidence needed? 

This paper is written well, and all conclusions are supported by the data. Figure 2 needs additional 

markers and its discussion should be revised to make it clear what area in Fig 2 is being discussed. Fig. 2 

shows several regions of interest- one area was highlighted in yellow circle, another in red oval, and 

third was marked with green rectangle. In some places authors referred to specific area and how it was 

marked, but in some places, they referred to area without indicated how it was marked (for example 

green area). Also, there was additional area of interest discussed, with mossy and needle-like structure, 

but the area is not marked in the Fig 2. 

- Are there any flaws in the data analysis, interpretation and conclusions? - Do these prohibit publication 

or require revision? 

Authors should make a stronger statement of the impact of this study on design of ideal structures. 

- Is the methodology sound? Does the work meet the expected standards in your field? 

Yes 

- Is there enough detail provided in the methods for the work to be reproduced? 

Yes 
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author): 

The authors have carefully, thoughtfully and adequately addressed all of the concerns raised in my 

original review. 

Reviewer #2 (Remarks to the Author): 

since the authors have addressed the reviewer's comment, it seems to the reviewer that the 

manuscript is ready for acceptance.


